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Ultra Accelerated QCMD Method :優れた要素手法の開発
New Scheme based on Tight-Binding Quantum Chemis叫Method
‥ ~~t      -   -~-I ttt l■■-
Time Evolution (Quantum Chemistry-based Molecular Dynamics)






















































ロControl ofa friction is
the most important issue
in the automotive industry,
thus the surface control is
imponant technology.
ロThe study of the
TR旧OLOGY (friction,
wear and lubrication) has
been strenuously doing.
摩擦磨耗を低減するエンジンオイル添加剤開発支援7
Application of MoS2 tribofilm
+　Coating material on beanng.
●　Solid lubricantapplied to the
space lubricant.
+　Boundary lubricating film made




+　MoDTC is friction modifier used

























● The mechanism of MoS2
tribofilm formation and its effect
on the frictional property have
not been well-clarified.
- To deve一op altemative
additives, it is important to
understand the brmation
mechanism of MoS2 tribof‖m at
the atomistic and electronic levels.
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Method: New-Ryudo-CR Program
We developed a novel MD program that can deal with chemical reactions.
General MD program
+ lt is effective to analyze the
frictionaJ propenies of the
system.
●　MD simulations can't treat
chemical reaction.
New･ RyudoICR program
● ln the NEW-RYUDO-CR
program, chemical reaction is
stochastically considered.
+ We can simulate the chemical




Check the distance between
賢･ ･Rf&0-ecu-esl
･≦p 警Po: Standard probabilityRmax: Maximum distance
for chemical reaction
R: lnteratomic distance
W n a reaction isjudged to occur
by this equation, potential functions
are automaticaJly switched.
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● lntegration time : 0.5fs
●　Temperature : 300 K
●　Pressure : 0.5GPa
●　Moving speed : 100m/S
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Friction CoeffI'cI'ent AgalnSt TI'me









+ During the first 0.1 ns, the friction coefficient significantfy decreased as
the 一ayered structure of MoS2 is brmed･
■ This result suggests the imponance of聖formation of MoS2
tribo用m tc) achieve better iubrication properties.
+ FinalJy, the friction coefficient became stable after 2.3 ns, and the friction
coefficient was 0.006 durin2.3ns to 2.5ns.
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Fig. Trajectory of the model (50 ps - 100 ps)
(periodic boundary condition was not applied)
+ After formlng MoS2 tribofilms, the upper MoS2 tribofilm moved together
with the sliding surface of the Fe substrate.
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Diffusion of Supported Metals: Pt, Pd, Rh
Diffusion of Supports: Al203, ZrO2, CeO2
Ds (r) - Ds. (2rs )-n exp(- A) Eso=: APEEuvsai.?.nnceoneeqlg諾efni,ogf,saTnppg?.nLh.f sup,
㌔ :support radius
n :Grain-size exponent R :Universal gas constant T :Absolute temperature
Es : Activation energy for grain growth of supports
rAlgorithm of 3 DISjnterinB_S_ilmTulaiQr+ S!LyT～A__._
V.　　　　　　.__　_　ー　　　　　　　　　_　　　　､ _-.㌔____　_ ._　_　　　　　　　　　　_　ー_　　　　　　　　_　　_　　　___　___‥__　　_　　-　　　　　　　　　　一　一__　　　　:∴ヽ_






Read coordinates of Suppons and Supponed
snump.psocna7g Meta l s
■-.一･一■
Decide di庁usion direction of supported
particles and supports by random number
l
Average mlgration distance of supported metals
Axp - J万両Dlm2/sec] : Diuusion Coefficient
r[nm]: Radius of suppo什ed panicles
_山　　も.__ _　________‥




Output of calculation results …
ontinue for set steps
fmeaYin il cofa glon ug r; cDaiey
??ー?????
Model a Condition br Macro-Sca一e Sintering Simu一ation
Modelcell size x=0,1 FLm, y=012FLm, Z=0･2FLm Supponed Ptamount: 2wt%
7 -Alumjna PuAl203　　Zirconia PuCeO2
/.こ｢.丁/'. TT･
Tab一e. Parameter br sintering simulation at 800.0 ℃, 5 hours with ∠】t=0.01 S/step
Ds(r) = Dso(2rs)-n exp(-Es /(RT))
[m2/sHkJmol~1]　　　　　　　　[m2/S] [kJmol~1]　　　　[m2/S] [kJmol~1]
Dso　7･OE4 Es567　　　　　Dso_tef,agonal 2･9E4　Es 506　　　　Dso　46　　Es458
Dso monocl,n,･c 1,OE4　Es 360
DM (r) = DMO(2rM )-n exp(-EM /(RT))
DMO l･OE116 EM108　　　　DMO l･8E-10 EM113　　　　DMO l･OE120　EM124
16
Pt/r -AJ203 Sintering Behavior









TEM images of PuTalumina
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XRD oft-, and m-ZrO2
versus crystaHte size increase

















Pt particle diameter 【nm】
3h
TEM images of Pt/CZY
a凡er air aging at lO73K
Journal of Catalysis
242 (2006) 1031109
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Pt4 Adsorption Energy on Suppons lkJ/mol】
from Quantum ChemLCal Calculation :COLORS
a) Surbce Science 566-568, 2004, 148-154
b) Applied Surface Science 236, 2004, 3421355








Charge and Bond analysIS Of Pt/CeO2 (Oxidation Atmosphere) 1073 K
: : : : :I: :-: ‥ ‥ ‥ -_･-:I-･_i:-ii:i･e--;::-･f'-:-:-･:_ ･_;:_;-i_I;':.;-.;:-=･;･;.::.;･;‥ ≡
O fs　　　　　　　1.0×107fS　　　　　　1.5×107fs　　　　　　　　1.0×108fs
Pt charge was rather positive.
<EXAFS of Pt/CZY after 800 ℃ agrng ln ajr>
R(A)
Joumal of Catalysis 242 (2006) 108















Ejfects of 7'Al203 SuWOrtS On H adsorption
Parameter used between H-A1203
Morse 7.8【kcal/mol1 1.98【1仏】 1.98【A】















It decelerated little by little whenever colliding and it
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炭素 儉r■ーl■■_I 0.5 













度[mol/m3], co2,reに理論酸素濃度[mol/m3], α :対称因子日, n:電子数[-], F:ファ


































U,C.: unitcell (5X5X20 Elm)
71
Conc山ding Remarks
Integrated computational chemistry methods
become more and more important for solvI'ng
not only fundamental scientifl'C problems but
also complex industrial problems.
Challenges to complex industrial problems
prom o te to crea te vario us th eories,
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